Introduction
============

Stuttering is a multifactorial speech disorder characterized by the extension of words, syllables, repeats, and blocks. While the exact etiology is unknown, genetic, neurophysiologic, and psychological factors are thought to play a role in various ways and combinations during development.[@b1-tcrm-11-793]--[@b3-tcrm-11-793] There are two types of stuttering: developmental and acquired. Acquired stuttering may be neurogenic, psychogenic, pharmacogenic, or iatrogenic in origin.[@b4-tcrm-11-793] Developmental stuttering is seen in childhood and can continue until adulthood and is the most common form of stuttering. The female to male ratio varies with age in developmental stuttering.

Stuttering usually begins between the ages of 2 and 7 years and it is seen more commonly (ie, it is twice as likely) in boys in this age group, while the ratio changes during adulthood (it becomes up to five times more common in males).[@b5-tcrm-11-793],[@b6-tcrm-11-793] It is not fully known why stuttering is more common in males, and why it increases in prevalence among males in adulthood. The sex hormones, including androgens, may be considered to play a role as etiologic factors.

Androgens have various effects on the human brain and behavior.[@b7-tcrm-11-793],[@b8-tcrm-11-793] Testosterone is one of the most powerful androgens secreted from the testis and adrenal gland. It is known that testosterone plays a role in sexual activity, libido, social behaviors, aggression, cognitive functions, sleep regulation, and well-being in both males and females.[@b9-tcrm-11-793]--[@b12-tcrm-11-793] There are studies supporting that testosterone may play a role in the etiologic factors of psychiatric disorders that have different prevalence rates based on sex, such as depression, psychosis, and anxiety disorders.[@b13-tcrm-11-793],[@b14-tcrm-11-793]

On the other hand, being exposed to high levels of androgens in the early stages of neural development has been proposed to be associated with neurodevelopmental disorders, such as autism spectrum disorders and Tourette syndrome (TS), which affect the basal ganglia.[@b15-tcrm-11-793],[@b16-tcrm-11-793] It can be concluded that being exposed to high levels of androgens in the early stages of neural development has been proposed to be associated with stuttering. However, studies associated with this relationship to stuttering are quite limited. We have previously published about a 14-year-old boy who had no prior speech disorder, but whose stuttering symptoms had emerged after an injection of testosterone for hypogonadism, and which had intensified after the second dose.[@b17-tcrm-11-793]

As a result, when the sex differences in the prevalence of stuttering, the effects of testosterone on the brain, and the case that we have published previously are considered together, we should ask the following question: "Is testosterone an etiologic factor of stuttering?" As such, we planned to investigate this possible etiologic relationship between developmental stuttering and testosterone levels. We wonder whether high serum testosterone levels are related with stuttering in terms of both etiology and chronicity.

Materials and methods
=====================

Subjects
--------

In this study, we evaluated a total of 50 children 7--12 years of age; eight (16%) were female, 42 (84%) were male. Twenty-five children between 7 and 12 years of age with a diagnosis of stuttering made between the years 2012 and 2014 at the Department of Child and Adolescent Psychiatry, Inonu University Medical School (Malatya, Turkey) and 25 typically fluent peers with similar demographic properties were included in the study. The study was approved by Ethics Committee of Inonu University, and written informed consent was obtained from the parents of the participants.

The children with stuttering were diagnosed by an experienced child and adolescent psychiatrist, using the *Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition* (*DSM-IV*) criteria.[@b1-tcrm-11-793] Children with concomitant psychiatric disorders (such as attention deficit/hyperactivity disorder, major depressive disorder, and social anxiety disorder); neurological, endocrine, or chronic disease; and a history of drug use were excluded from the study.

Physical examinations of the children in the stutterer and control groups were made by a family physician. Tanner staging, which is used to evaluate child development, was applied.[@b18-tcrm-11-793],[@b19-tcrm-11-793] Children who were in development stage 1 according to the Tanner staging were considered to be at the beginning of puberty and were thus excluded from the study.

The Clinical Global Impression--Severity Scale (CGI-S) is a clinical evaluation tool that can be used to determine many psychiatric disorders.[@b20-tcrm-11-793] This scale is a commonly used measure of symptom severity, treatment response, and the efficacy of treatments in treatment studies of patients with mental disorders. Grading of the scale pertains to disease severity: 1=normal, not at all ill; 2=borderline mentally ill; 3=mildly ill; 4=moderately ill; 5=markedly ill; 6=severely ill; 7=among the most extremely ill patients.[@b20-tcrm-11-793] In the evaluation of stuttering severity, each patient was asked to read the same storybook and to talk for 5 minutes about the same picture. All the stages were videotaped. An experienced child and adolescent psychiatrist assessed the children in terms of frequency, duration, physical concomitants, and naturalness of speech.

In our study, venous blood samples were collected at 9 am under sterile conditions. The samples that were obtained after the blood collection were centrifuged and stored in polypropylene tubes at −80°C.

Serological techniques
----------------------

All biochemical analyses were performed in the Research Laboratory, Division of Biochemistry, Faculty of Medicine, Inonu University. A highly sensitive and specific commercial enzyme-linked immunosorbent assay kit (DK0002; DiaMetra Srl, Milan, Italy) was used for the evaluation of testosterone in serum samples. The kit principle, based on the combination of testosterone in serum with horseradish peroxidase testosterone for binding, limited the number of antitestosterone sites on the microplate. Twenty-five microliters of five different known concentrations of testosterone standards and serum samples were added to standard and sample wells, respectively. Thereafter, 100 μL of testosterone conjugate was added, mixed, and incubated at 37°C for 1 hour. Following the incubation, the content of each well was removed and washed twice with 300 μL of distilled water. After washing, 100 μL of tetramethylbenzidine substrate was added to each well and incubated at room temperature for 15 minutes in the dark. By the addition of 100 μL of stop solution to each well, the reaction was stopped. The amount of testosterone in the serum samples was determined by measuring optical density at 450 nm on a multimode microplate reader (BioTek Synergy™ H1M; BioTek Instruments, Inc., Winooski, VT, USA). The testosterone concentration was calculated from the standard calibration curve. All results were expressed as ng/mL.

Statistical analysis
--------------------

Statistical analyses were performed with the SPSS for Windows version 17.0 program. All data were reported as the mean ± standard deviation. Normality for continuous variables (testosterone levels, age) in the groups was determined by the Shapiro--Wilk test. The variables did not show a normal distribution (*P*\<0.05), so the Mann--Whitney *U*-test was used to compare variables between the studied groups. The correlation of stuttering severity in children with the plasma levels of total testosterone was analyzed by Pearson's correlation test. The testosterone values in the control, mild, and severe disease groups were analyzed with the analysis of variance test. A value of *P*\<0.05 was considered significant.

Results
=======

In this study, we evaluated a total of 50 children (7--12 years of age) who had not yet entered into puberty. There were four (16%) female and 21 (84%) male children whose average age was 9.5±1.9 years in the stutterer group; the same number of males and females were in the control group, and their average age was 9.5±1.8 years. There was no significant difference between the stutterer and the control groups in terms of age and sex (*t*=0.21, *P*\>0.05; *χ*^2^=0.082, *P*\>0.05, respectively).

In the descriptive analysis, a normal distribution of the groups was not shown, so the Mann--Whitney *U*-test was used to determine whether any differences were noted among the stutterer and control groups in terms of testosterone levels.

The medians of the testosterone levels of the stutterer and control groups were determined as 20 ng/mL (range =12--184 ng/mL) and 5 ng/mL (range =2--30 ng/mL), respectively. The testosterone level of the stutterer group was significantly higher than that of the control group (*P*=0.001).

CGI-S disease severity values and their relationship with testosterone levels were assessed with Pearson's correlation analysis in the stutterer group. The analysis revealed a positive correlation between disease severity and testosterone levels (*r*=0.75, *P*=0.0001).

According to the CGI-S score, children's stuttering was divided into one of two stuttering level groups: 1--4 points as mild-to-moderate stuttering and 5 or more points as severe stuttering. The median values of testosterone levels in the mild-to-moderate group, severe group, and control group were determined as 20 ng/mL (range =12.00--95.00 ng/mL), 88 ng/mL (range =33--184 ng/mL), and 5 ng/mL (range =2--30 ng/mL), respectively.

The difference between the testosterone levels of the mild-to-moderate, severe, and control groups was examined with the Mann--Whitney *U*-test, and the three groups were significantly different in terms of testosterone levels (*P*=0.0001). There were no significant differences between the groups in terms of age and sex (*P*\>0.05 and *P*\>0.05 respectively) ([Table 1](#t1-tcrm-11-793){ref-type="table"}).

Discussion
==========

As far as we know, this study is the first to evaluate testosterone levels in a group of children with pediatric stuttering. The main findings of our study were that the testosterone levels in children with stuttering were significantly higher when compared to those of the typically fluent peer group; this also showed a positive correlation with disease severity.

Stuttering usually begins between the ages of 2 and 7 years, and it is seen two times more frequently in boys in this age group, while the ratio changes in the adult age group, occurring up to five times more in the male sex.[@b1-tcrm-11-793],[@b2-tcrm-11-793]

It is not fully known why stuttering is common in males and why it is uncommon in females in adult age groups. Given the differences between the sexes, it can be considered that testosterone, which is a sex hormone, might play a role in the etiology and chronicity of the disease. The results of this study show that serum testosterone levels are associated with the severity of stuttering. We have previously mentioned our paper about a 14-year-old boy who had no prior speech disorder, but whose stuttering symptoms had emerged after an injection of testosterone for hypogonadism, and which had intensified after the second dose.[@b17-tcrm-11-793] Considering these two findings together, we may conclude that testosterone might play an etiologic role in stuttering.

According to the theory of cerebral dominance, the left hemisphere of the brain is more active in fluent-speaking subjects and during speech-related activities.[@b21-tcrm-11-793] It has been reported that the left half of the brain, which provides quick signal transitions during a conversation, is not dominant enough in children with stuttering.[@b22-tcrm-11-793] It was proposed that boys who were exposed to high testosterone levels during the fetal period may have delays in the development of the left hemisphere, and so the right brain hemisphere becomes more active, which leads to stuttering.[@b23-tcrm-11-793] Differences in hemispheric dominance may be implicated as causes in stuttering, autism, and dyslexia, which are seen in high prevalence rates in the male sex.[@b24-tcrm-11-793]

In addition to the cerebral dominance theory, the basal ganglia--thalamocortical motor circuits may play a key role in stuttering, with contributions from the putamen.[@b25-tcrm-11-793] It was shown that acquired stuttering is the result of a lesion in this circuit, and that the primary speech and language centers (Broca's area, the planum temporale, the insula, and Wernicke's area) are not affected.[@b26-tcrm-11-793] Studies have proposed that stuttering may be associated with disorders related to the basal ganglia, which is a network that deals with structural motor control. The basal ganglia play an important role in motor behavior, emotions, and cognition. Depending on the common etiology of stuttering and movement disorders (Parkinson, TS, dystonia, etc), such as a lesion in the basal ganglia--thalamocortical circuit, it can be thought that they may have other common properties. Indeed, children with stuttering have been found to exhibit an increase in abnormal facial movements during talking, but that are not directly linked to talking.[@b27-tcrm-11-793],[@b28-tcrm-11-793]

A relationship was found between some disorders and the level of dopamine elevation, such as attention deficit hyperactivity disorder, obsessive--compulsive disorder, and tic disorders.[@b29-tcrm-11-793],[@b30-tcrm-11-793] Similarly, it has been suggested that an increase in the activity of the dopamine-producing neurotransmitter system may cause stuttering.[@b31-tcrm-11-793] In the same way, in stuttering children, it has been shown that there is an improvement in fluency with the use of an antidopaminergic agent.[@b32-tcrm-11-793],[@b33-tcrm-11-793] Testosterone regulates cell death and dopamine transport in the substantia nigra and striatum.[@b34-tcrm-11-793] It has been shown that changes occurring in the sex steroids during adolescence play an important role in dopamine signaling and regulation.[@b35-tcrm-11-793] Testosterone may impact upon the disease in this way. Indeed, the role of testosterone in the diseases where dopamine and the basal ganglia play important roles (Parkinson's, TS, dystonia, etc) have been studied. Specifically, sex differences and the role of testosterone on these diseases were investigated.[@b36-tcrm-11-793] It was found that giving exogenous androgen can aggravate tics in males with TS. Some drugs that have antitestosterone effects also have antitic effects. This shows that the patients with TS have a high level of sensitivity to androgen steroids.[@b37-tcrm-11-793]

Fetal testosterone affects cerebral dominance, and it also plays an important role in the etiology of stuttering; however, the data in the literature are limited with respect to postnatal testosterone levels in the development of stuttering and their effects on the severity or chronicity of the disease.[@b23-tcrm-11-793] Depending on the knowledge about how speech-related structures in the brain are affected by testosterone,[@b23-tcrm-11-793],[@b38-tcrm-11-793] and based on our finding of high testosterone levels in stuttering subjects (which is a speech and language disorder), it can be thought that there may be a relationship between postpartum testosterone levels and stuttering. When our findings in this study and the case we presented previously are taken into account together, it can be concluded that in the postnatal period, testosterone may have an effect on the emergence, course, and severity of stuttering.[@b17-tcrm-11-793]

However, from a different point of view, high testosterone levels may not be the cause of stuttering, but it may be a result of stuttering. The role of stress on the triggering of stuttering is well known.[@b39-tcrm-11-793] Stress factors play a particular role in the triggering of acquired stuttering; also, stuttering is a stress factor in itself, so this vicious cycle has been reported to lead to chronicity in stuttering.[@b1-tcrm-11-793],[@b2-tcrm-11-793] Stress activates the hypothalamo--pituitary--adrenal (HPA) axis and, consequently, a hormonal axis that includes testosterone (HPA) is activated by stress.[@b40-tcrm-11-793],[@b41-tcrm-11-793] Thus, the stress that arises during stuttering activates the HPA axis and it can be concluded that serum testosterone levels can increase during stuttering.

All these may be evaluated, as stuttering is not only a speech disorder, but it can also be considered as a motor disorder. Stuttering may be evaluated within a wider category (such as movement disorders) that involves Parkinson's disease, TS, and tic disorder, depending on their similarities, which include a high male incidence rate, a testosterone--dopamine interaction in its etiology, and the importance of the basal ganglia--thalamocortical motor circuits.

These are the results of the first study to assess whether testosterone may play a role in the formation of stuttering; however, this relationship cannot be fully elucidated. One of the main reasons for this, and the main limitations of this study, is the low subject number. In order to clarify the relationship between testosterone and stuttering, men and women should be evaluated separately. Moreover, studies should include more subjects, and longitudinal studies may need to be performed.

Conclusion
==========

Based on the results of this study, it may be concluded that testosterone might play a role in the etiology and chronicity of stuttering; however, this relationship has not been fully revealed. One of the main reasons for this is that the number of children with stuttering included in this study was not high enough to draw this conclusion. Further progressive studies that involve both sexes in high numbers will be important to discover the exact relationship between testosterone and stuttering.
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###### 

Sociodemographic features and testosterone levels of the stutterer and control groups

  Demographic data                       Stutterer group n=25   Control group n=25 (mean ± SD)   Comparison
  -------------------------------------- ---------------------- -------------------------------- --------------
  Age                                    9.5±1.9                9.6±1.8                          *t*=0.21
                                                                                                 *P*\>0.05
  Sex                                                                                            
   Male                                  84%                    84%                              *χ*^2^=0.082
   Female                                16%                    16%                              *P*\>0.05
  Testosterone level (ng/mL) (min-max)   20 (12--184)           5 (2--30)                        *P*=0.001

**Abbreviations:** n, number of subjects; SD, standard deviation.
